Background. The aims of the study were to examine the responsiveness of Chinese versions of the Cancer Fatigue Scale (C-CFS), the Schwartz Cancer Fatigue Scale-revised (C-SCFS-r), and the Fatigue Symptom Inventory (C-FSI) based on effect sizes and patient perceptions of change.
INTRODUCTION
The responsiveness of an instrument, in brief, means that it can detect differences when patient outcomes have a meaningful or clinically important change in a clinical state [1] [2] [3] . The characteristic of responsiveness is important because it supports the longitudinal construct validity of an instrument [3] . However, evaluating responsiveness of instruments has not kept pace with other forms of instrument development because a lack of clarity exists about the best approach for evaluating responsiveness. Currently, at least 25 definitions and 31 different measures of responsiveness can be found [3] .
Estimating the minimal important difference (MID) for an instrument is a special case of examining responsiveness to change [4] . The MID means that the smallest change between two scores is subjectively meaningful to patients [5] . This means that to estimate the MID for an instrument is not only to calculate an instrument's quantitative scores but also to interpret the qualitative meanings to patients [2] . However, the MID is still an elusive figure because it is multifaceted [6] . In addition, it is a context-specific value rather than a fixed number and it varies from study to study and across populations [3] . Based on systematic reviews, the mean MID was either closer to 0.30 standard deviation (SD) [4] or almost equal to Cohen's moderate effect size of 0.5 [7] , but most results were based on a seven-point response scale and focused on populations with chronic disease (e.g., heart failure and asthma).
Distribution-based methods and anchor-based methods have been devised to determine the MID. Distributionbased methods often use statistical significance, calculation of effect size, and standard error of measurement to calculate magnitudes of change scores considered to be significant [3, 8 -10] . The procedures of anchor-based methods require changes in scores to be linked to other measures (e.g., type of diagnosis, response to treatment for group change or self-report for individual change) that are themselves subject to interpretation [3] . The differences between the two methods are that distribution-based methods are based on statistical results and anchor-based methods are based on a comparison of patients' or clinicians' judgments of degree of change with actual changes in scores. However, the anchor-based methods suffer from a lack of external validation with other clinical parameters, and statistically significant outcomes are highly sample-size dependent [8, 10] .
Cancer-related fatigue (CRF) is a complex, multidimensional and multicausal phenomenon, and it is one of the most common unrelieved symptoms of cancer impacting all dimensions of quality of life [11, 12] . Since fatigue is highly subjective and unique to the person experiencing it, selfreport from patients is the only effective method to measure fatigue level. Therefore, a reliable and valid scale is critical for measuring CRF. Despite the importance of CRF, little is known about the MID for CRF instruments. Even though more than 15 scales have been developed to measure CRF [13, 14] , only two studies focusing on the MID for CRF have been reported [15, 16] and neither of them has been tested on populations in the Chinese culture. However, fatigue occurs within the context of patients' daily lives and environments [17] . Thus, fatigue in different cultures affects daily activity in different ways and this could affect the perception of fatigue.
Therefore, the purposes of this study were: (a) to evaluate the responsiveness of three translated instruments (Chinese versions of the Cancer Fatigue Scale, the Fatigue Symptom Inventory, and the Schwartz Cancer Fatigue Scale-revised) based on distribution-based methods using effect size (i.e., standardized response means) and on an anchor-based method by evaluating patients' self-report of the degree of change in comparison with change in scale scores and (b) to compare the effect sizes and fatigue scores among groups of patients with no increase, small increase, moderate increase, and large increase, which were regrouped by self-reported level of change.
PATIENTS AND METHODS
The study was approved by the Institutional Review Boards of the University of Utah in U.S. of America and the ChangGung Memorial Hospital in Taiwan. A prospective, descriptive, repeated measures design was used to generate data. The purpose of this study was to examine whether the scales could detect the changes in level of fatigue experienced by patients. Instead of administering an intervention and comparing with a control group, this study proposed chemotherapy treatment as a factor that would interfere with or change the level of fatigue, and a literature review indicated that fatigue levels usually increase sharply during the first 24 -48 hours following chemotherapy [18, 19] . Therefore, data were collected twice: on the day when cancer patients received chemotherapy treatment (T1) and two days post-treatment (T2). If the patients could not complete the questionnaires at T2 by themselves, the researcher called them to collect data.
Sample
Convenience sampling was used to recruit subjects for this study who had been diagnosed with cancer and were receiving chemotherapy in a clinical setting in northern Taiwan. The subjects were 18 years of age or older and were willing to communicate with researchers to report their fatigue experiences. Participants with cancer who were receiving chemotherapy for the first time were excluded from the study because patients experience more anxiety when they first receive chemotherapy treatment in clinics [20] .
Measurements
Five Chinese versions of scales were used in this study, including the demographic questionnaire, three fatigue instruments, and the Global Rating Scale (GRS). The demographic questionnaire included two parts: demographic data (age, gender, marital status, and educational level) and medical history (type of cancer and length of time since diagnosis).
The Cancer Fatigue Scale (CFS) is a self-reported, 15-item questionnaire with simple summative scoring (1 ϭ no to 5 ϭ very much) composed of physical (seven items), affective (four items), and cognitive (four items) domains [21] . The Schwartz Cancer Fatigue Scale-revised (SCFS-r), is a six-item self-reported measure using a simple summative scoring scale (1 ϭ not at all to 5 ϭ extremely) and measuring two domains: physical (three items) and perceptual (three items) fatigue [22] . The Fatigue Symptom Inventory (FSI) is a 14-item self-reported measure designed to assess the intensity (four items), daily pattern (one item), and duration (two items) of fatigue, and perceived interference (seven items) [23, 24] . Twelve items use an 11-point summative scale (0 ϭ not at all fatigued to 10 ϭ extremely fatigued) and one item is the number of days in the past week during which fatigue was felt. However, the one item related to daily pattern provides qualitative information and is not summed into the total fatigue score. The reliability and validity of these three scales have been examined and have shown an acceptable range for newly developed instruments [21] [22] [23] [24] . The higher the score, the greater the level of fatigue.
Chinese versions of the Cancer Fatigue Scale (C-CFS), the Schwartz Cancer Fatigue Scale-revised (C-SCFS-r), and the Fatigue Symptom Inventory (C-FSI) were rigorously translated and back-translated by the bilingual committee members in this study. This committee approach uses a team of bilingual individuals to translate from the source to the target language. This approach takes advantages of different perspectives in the translation team and decreases the bias of translators [25] . After examining the psychometric properties of these three Chinese versions' scales at T1, the results indicated that the three scales had good internal consistency (Cronbach's ␣ for the three total scales Ͼ0.80) and were brief (Ͻ6 minutes to complete) and valid (confirmed by convergent, divergent, and discriminant validity) for use with Taiwanese cancer patients [26] .
A GRS has been used in studies to evaluate responsiveness of the instruments in terms of self-reported change in fatigue [5, 15, 27] . The GRS includes two items. One item inquires whether the level of fatigue is the same, worse, or improved compared with the baseline. The second asks participants to rate their decline or improvement on an eightpoint GRS for change in fatigue, from 0 (no change) to 7 (a large change) [5] . Based on patients' ratings of the GRS, fatigue changes of 0 points indicate no change, changes of 1-3 points indicate a small changes in fatigue, 4 -5 points indicates a moderate change in fatigue, and 6 -7 points indicates a large change in fatigue.
Based on a literature review, it is still controversial whether or not worsening states should be treated differently from improving states. Some studies point out the MIDs for positive and negative changes are approximately equal [5, 28] , but one study argued that worsening states should be treated differently from improving states [27] . In this study, we considered that worsening states and improving states might be different. Therefore, patients reporting no change (i.e., fatigue changes of 0 points) and those reporting a decrease were grouped into a "no increase" group based on the GRS. Patients reporting a fatigue change of 1-3 points, 4 -5 points, and 6 -7 points were grouped into small, moderate, and large increase groups, respectively.
Data Analysis
First, missing data were examined. A multiple imputation technique was used to deal with returned questionnaires with fewer than three missing data points. A questionnaire missing more than three data points was excluded from the analysis. Next, the ceiling scores (values that observations cannot exceed) and floor scores (values that observations cannot fall below) were examined. A score of 0 was considered to be the floor effect for the C-CFS and C-FSI, and a score of six was considered to be the floor effect for the C-SCFS-r. The ceiling effects for the C-CFS, C-SCFS-r, and C-FSI are scores of 60, 36, and 127, respectively.
Third, the relationships between the mean fatigue change scores in the three scales and the anchor (i.e., GRS) were examined by conducting Spearman's correlations. A paired t-test was used to test whether the levels of fatigue within subjects were different between T1 and T2. Effect sizes for the four groups divided by the scores of the GRS were obtained by calculating mean scores of fatigue changes divided by the SD of paired differences of fatigue scores. Fatigue change scores were calculated by subtracting the scores at T1 from the scores at T2; thus, a negative change score indicated a lower level of fatigue and a positive change score indicated a greater level of fatigue.
The MID represented by Jaeschke et al. [5] used the mean change in scale scores associated with a small change. Because the distributions of fatigue based on the three scales were not normally distributed (positively skewed) and the data between T1 and T2 were correlated, the generalized estimating equation (GEE) was used to adjust for the baseline level of fatigue. The GEE has been commonly used to analyze correlated longitudinal data and it can be used to analyze clinical data with a nonnormal distribution and unequal variances for the groups [29] . Finally, the GEE was used to examine whether there was a group effect (i.e., no increase, small increase, and moderate-to-large increase) by controlling for the baseline fatigue score at T1 to prove that there was consistency with the results using the GRS.
RESULTS

Patient Characteristics
Two hundred forty-three cancer patients participated at T1 and 158 (65%) patients returned the questionnaire, including 24 patients (15.2%) interviewed by phone at T2 . After imputation and excluding the subjects with missing data of more than three data points, 148 subjects (60.9%) were used in this study. In total, 13 data points for 11 patients were imputed and the means and SDs between before and after imputation indicated no statistically significant differences. The demographic characteristics and clinical information for the subjects at T1 and T2 are summarized in Table 1 . There were no differences in the demographic and clinical characteristics and fatigue scores at T1 and T2 between the participating patients and patients not completing T2. In the sample included in this report, 57.7% were female, with an age range of 21-86 years, and with a mean age of 51.16 years. The majority were married (85.2%) and had lower than a high school education (50.3%). The patients had several different types of cancer; over one third of the patients had breast cancer, and of these, over half had been diagnosed within the previous 3 months and 24.2% (n ϭ 36) received concurrent radiotherapy treatment.
Reliability and Ceiling and Floor Effects
The internal consistency ␣ coefficients and the floor and ceiling effects are shown in Table 2 . Internal consistency ␣ coefficients for the three fatigue scales at T1 and T2 were Ͼ0.70. The percentages of ceiling scores and floor scores for the three scales at T1 and T2 were Ͻ15%, except for the percentages of floor scores (the floor score of the C-SCFS-r is equal to 6) at T1 (30.4%) for the C-SCFS-r.
Four Groups Based on the GRS
Based on the results using the GRS, 39.2% (n ϭ 58) of patients reported that their fatigue level did not increase (Table 3 ), including 10 patients reporting a decrease in fatigue after chemotherapy treatment. Around 60.8% (n ϭ 90) of the patients indicated that their fatigue level increased, including 42, 38, and 10 patients reporting a small change, a moderate change, and a large change in fatigue, respectively. The Kruskal-Wallis test was used to examine significant differences among the four groups because the variances for the four groups were not equal and only 10 cases were included in the large change group. Only the level of fatigue at baseline showed a significant difference among the four groups for the three scales according to the Kruskal-Wallis test (CFS, p Ͻ .0001; SCFS, p ϭ .003; FSI, p Ͻ .0001).
The level of fatigue before chemotherapy in the large change group was significantly higher than those in the other groups (Table 3 ). This means that the patients experiencing higher levels of fatigue before treatment experienced higher levels of change in fatigue after treatment. Even for the very short time period (i.e., 2 days after treatment) we used to measure the change in fatigue, our results are consistent with previous studies [30 -32] -patients with higher baseline fatigue scores are at risk for higher levels of fatigue after treatment, or for chronic fatigue. Therefore, we need to pay attention to the patients with higher levels of fatigue before receiving chemotherapy treatment and offer them more information to manage their fatigue.
Distribution-Based Methods: Paired t-Test and Effect Size
The mean fatigue scores before and after chemotherapy treatment, for the C-CFS, C-SCFS-r, and C-FSI are shown in Table 2 . The absolute values for the mean change in fatigue score for the three scales and patients' subjective judgment of fatigue level as reported by the GRS were significantly correlated (C-CFS, Spearman's ϭ 0.44, p Ͻ .0001; C-SCFS-r, Spearman's ϭ 0.55, p Ͻ .0001; C-FSI, Spearman's ϭ 0.41, p Ͻ .0001). The paired t-test showed that the differences between T1 and T2 for all patients (n ϭ 148) were all statistically significant for the three scales, and effect sizes for the three scales (C-CFS, C-SCFS-r, and C-FSI) were 0.87, 0.89 and 0.70, respectively. The effect sizes for the four groups (no increase, small increase, moderate increase, and large increase) based on the scores in the GRS are reported in Table 3 . However, the effect sizes for the four groups in the three scales all showed that the effect sizes in the groups self-reporting a large change were less than those in the groups reporting a moderate change.
Anchor-Based Methods: Within-Patient Global Change Ratings
The results based on the GEE indicated that the fatigue level measured by the three scales across the four GRS groups (no increase, small increase, moderate increase, and large increase) were significantly different when controlling for the effects of fatigue level at T1; the interaction between each of the three groups (with the group reporting no increase as a reference group) and the time effect all showed statistical significance (Table 4) . Furthermore, the coefficient (␤) for the interaction term (group ϫ time) in Table 4 represents the mean fatigue scores per item in the other three groups compared with the group with no change over time. For example, the mean fatigue scores per item based on the C-CFS in the small change group were statistically significantly higher by 0.378 points per item compared with the group reporting no increase over time (Z ϭ 3.98, p ϭ .0001). The coefficients for the interaction term for the scales of C-SCFS-r and C-FSI coincided with the selfreported level of change, showing that the coefficients increased with the level of change from a small change to a a Mean fatigue scores were based on the absolute values of mean differences; b The 10 subjects reporting a decrease in fatigue were regrouped into the "no increase" group and others were regrouped based on patients' rating of the GRS-fatigue changes of 0 points indicated no increase, a change of 1-3 points was considered a small increase in fatigue, 4 -5 points was considered a moderate increase in fatigue, and 6 -7 points was considered a large increase in fatigue. 
DISCUSSION
Because CRF is a subjective feeling of tiredness, the MID for CRF from the perspective of patients is more important than from the perspectives of clinicians or the general population [33, 34] . The ability to detect change over time and to detect the MID of responsiveness for three translated fatigue instrument scales was examined on cancer outpatients undergoing chemotherapy treatment. Analysis included calculating paired t-tests, effect sizes, and MIDs based on patients' self-report of change. The results of this study provide support for the responsiveness over 2 days of the three scales with findings as follows. For testing MID, Wyrwich et al. [9] indicated that these instruments should have Ͻ15% floor and ceiling effects and the reliability should be at a minimum 0.70 -0.80. In this study, the internal consistency ␣ coefficients were all Ͼ0.70, which met the prerequisites for testing MID [9] . However, 30.4% of patients reported the lowest scores (i.e., floor effect, scores with six points) on the C-SCFS-r at T1. Baseline scores could affect the results of change scores, Table 4 . Generalized estimating equations for the fatigue scores per item in group difference by controlling the level of fatigue at baseline and the time effect for the three scales (n ϭ 148) Shown are the results of generalized estimating equations for repeated measurements and the correlation of structured with unstructured. a Reference group: no increase group. b Reference group for measuring time point: T1 (pretreatment). Abbreviations: C-CFS, Chinese version of the Cancer Fatigue Scale; C-FSI, Chinese version of the Fatigue Symptom Inventory; CI, confidence interval; C-SCFS-r, Chinese version of the Schwartz Cancer Fatigue Scale, revised; Std. Err., standard error; T2, 2 days post-treatment.
and one study indicated that the scores of patients with a moderate health state changed less than those with a severe or minor health state after treatment [35] . The mean differences are the subtraction of the post-treatment scores from the pretreatment scores in this study, and a population with the lowest scores (floor effect) would be on the top for treatment effect [9] . Thus, the floor effect in the C-SCFS-r might affect the results that the C-SCFS-r had the greatest effect size in this study compared with the other scales. In this study, the effect sizes of the fatigue scales (0.70 -0.89) were medium to large. In the study of Cella et al. [16] , the three samples had effect sizes that were variable from small to large (0.21-.38), and in two other studies, effect sizes for fatigue instruments were small to moderate (effect sizes in Meek et al. [36] were 0.14 -0.49; effect sizes in Schwartz et al. [15] were 0.37-0.78). However, only the SCFS-r was also used in the study of Schwartz et al. [15] , but the effect size for the C-SCFS-r was larger in the current study (effect size, 0.89) than in Schwartz et al. [15, 36] study (effect size, 0.71). The reason might be that the baseline level of fatigue in this study (M ϭ 8.33, n ϭ 148) was lower than in the Schwartz et al. [15, 36] study (M ϭ 13.1, n ϭ 103), because baseline level could affect the results of effect sizes. The effect size was the lowest for the C-FSI. Wider response scales (i.e., 11-point Likert-type scales), or the longer reference period (within the past week) of the administration of the C-FSI might be the reason these results were different from those of the other scales (five-point Likert-type scale with 1-or 2-day reference periods).
As expected, chemotherapy treatment profoundly affected the level of fatigue, and these instruments were able to detect that change. This result is consistent with the literature indicating that the first 2 days after a chemotherapy treatment are associated with increased fatigue as a side effect of the treatment [37, 38] . Overall, the level of fatigue increased after treatment and this was a statistically significant change from the baseline level of fatigue (Table 2) . However, based on the results of the self-report of change, patients had variable reports of response to treatment. Around 32.4% (n ϭ 48) of the patients reported that their level of fatigue did not change after treatment and 10 patients (6.8%) reported that their level of fatigue decreased after the treatment. Yet, few empirical data studies report amelioration of the level of fatigue after chemotherapy treatment in cancer patients [15] .
It is unclear which types of patients are more likely to have a stable or improved condition after treatment. There were no statistical differences between the 10 patients with decreased fatigue and the other 138 patients in terms of demographic and disease characteristics. However, the baseline level of fatigue scores for these 10 patients (C-CFS, 15.6; C-SCFS-r, 8.4; C-FSI, 44.0) were higher than the scores of the 90 patients who reported that their level of fatigue increased after treatment (C-CFS, 13.76; C-SCFS-r, 8.59; C-FSI, 27.07), especially on the C-FSI. Compared with the level of fatigue after treatment, these patients may perceive a higher level of fatigue caused by some factors before treatment, but these factors might vanish or decrease, thus affecting their level of fatigue. More longitudinal research is needed to explore the relationship between fatigue and chemotherapy treatment in cancer patients before and after treatment. Most studies base this relationship on group-level data, masking the variable response among patients.
The results also show that the level of fatigue before chemotherapy in the large increase group was significantly higher than in the other groups (Table 3) . This means that patients experiencing a higher level of fatigue before treatment experience a higher level of change in fatigue score after treatment. Even for the very short time period (i.e., 2 days after treatment) we used to measure the change in fatigue, our results are consistent with previous studies [30 -32] -patients with a higher baseline fatigue score are at risk for a higher level of fatigue after 1 week, 6 weeks, or 2.5 years of treatment. Therefore, we need to pay attention to the patients with higher levels of fatigue before receiving chemotherapy treatment and offer them more information to manage their fatigue.
Several studies have pointed out that the mean change in scores for the MID was approximately 0.5 per item [5, 28, 39] . In this study, the mean changes per item of 0.5 for the small change group for the C-FSI and C-SCFS-r (Table 4) based on the results of the GEE were consistent with this finding [5] , but the result for the C-CFS was lower than the previous findings (␤ ϭ 0.378). Until now, this criterion has mostly been established for chronic diseases (e.g., asthma, heart failure) based on a seven-point Likert-type scale, and the baseline level of fatigue and time effect have not been controlled for [40] . More than half (54.4%) of the patients in this study had been diagnosed within the previous 3 months. Therefore, the CRF in these newly diagnosed patients may be different from the fatigue reported for populations with chronic disease.
One study indicated that the trend in the mean change scores per item for the scales increased as the level of quality of life improved; differences of 0.5 represented a small change, differences of 1.0 represented a moderate change, and differences Ͼ1.5 represented a large change [28] . The results obtained by controlling for the baseline and time effects (Table 4) indicate that the mean differences in scores for the different levels of change in the three scales did not coincide with this assumption. Therefore, this assumption needs to be further tested.
However, the results based on calculating the effect sizes for the four groups (Table 3) were inconsistent with the GEE results ( Table 4 ). All the effect sizes in the group with a large change for the three scales were smaller than for those with a moderate change. The reasons could be that: (a) the calculation of effect size is highly sample-size dependent [8, 10] , and the sample in the "large increase" group consisted only of 10 patients, and (b) the three scales may not effectively discriminate between a moderate and a large change.
Even though this study provides important findings in responsiveness for the three scales, there are limitations. First, the self-report method using the GRS is based on retrospective judgment of change; recall bias could influence the results [7, 15] . Patients' judgments are influenced by their baseline health status, their duration of illness, and response shift [41] . The appropriateness of an anchor is defined as having at least a moderate correlation between the anchor (e.g., GRS) and changes in health-related quality-of-life instruments [4] . However, the strengths of the associations between the mean fatigue change score and the GRS were low to moderate (r 2 ϭ 0.17-0.30) in this study. A better anchor may need to be explored in further study. In addition, the stability and reproducibility of the GRS have not been evaluated [39] . Second, although the sample consisted of heterogeneous cancer patients, the distribution of fatigue scores based on the three fatigue scales was positively skewed at T1 and T2, and 30.4% of the patients had the lowest scores on the C-SCFS-r at T1. Furthermore, the 35% attrition rate is high and might be a result of the patients suffering the side effects of chemotherapy at home and refusing to complete the questionnaire and return it. Most of the cancer patients with mild or moderate fatigue may have been feeling well enough to complete the questionnaire, while the cancer patients with severe fatigue may not have been willing to participate in this study. The results may therefore not be generalizable to cancer patients with extreme, severe fatigue. Third, the results in this study were based on the patients reporting increases in fatigue at T2; therefore, these findings may not be generalizable to a population with a decrease in fatigue after treatment.
In conclusion, the three scales are sensitive to change over 2 days. The MIDs for the FSI and SCFS-r were higher than the threshold of small change scores, which is approximately 0.5 per item, but the MID for the CFS was lower than the suggested value based on the GEEs results. The increment among the groups based on the effect sizes and the GEE models was inconsistent, and the three scales may not effectively discriminate between a moderate change and a large change. Therefore, further testing on cancer patients with severe fatigue to examine responsiveness to detect MIDs for the three scales is recommended. In addition, the results in this study indicate that patients with a higher baseline fatigue score are at risk for a higher level of change in fatigue after treatment. Health care providers should pay more attention to the patients experiencing high levels of fatigue before receiving treatment.
